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Abstract 



PROBLEM TO BE SOLVED: To increase the mobility of two-dimensional electrons by efficiently storing 
the two-dimensional electrons and to provide the device of low noise by utilizing the high mobility. 
SOLUTION: This GalnP-based laminated structure body 1 is provided with at least a buffer layer 1 1 , an 
electron traveling layer 12 composed of GaX!n1-XAs (0<=X<=1), a spacer layer 13 composed of GalnP 
and an electron supply layer 14 composed of GalnP laminated on the surface of a GaAs single crystal 
substrate 10. The electron traveling layer 12 is provided with a composition gradient region for which an 
indium composition ratio (1-X) is increased in the increasing direction of a layer thickness and a gradient 
is made toward the boundary 12b of joining with the side of the electron supply layer 14. 
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(57) 

[IKS ] 2 <X7Lm^i:^mffjizmm-?> zfc2iX7c 

Ini-,As (OSX^ 1) *>^,^S«^^ffiil 2 
i:, Ga I nPi^hKcts^^—^mi 3t, Ga I nP 

*»'o=2r.5«-i^*&» 14 1 imttiG a I n pj^mmm 

iff*: UC*iV ->-(:, m^^^f/il 2{i, 4ffi!l 
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im^m 11 G a A s Mm^^iR<^^m±imm $ ti 

tz'P^j: mmmt. OaxI ni-xAs (O^X^ 
1 ) t-l^^^hm.'^Mymt. Gaz I ni-zP (OSZg 
J^j^*»^)^SX'<--9-iifc, Gaylni-yP (O^Y^ 

figjt ( 1 -X) ^mm^'tfzm.^mim&^'^ts^ 

if ^11 1 cciatg<7)G a I n p^nrnmrnw-, 
[fi«Ji 3 ] ±ie-f >=j^j^mmt ( i - x ) *v « 

^J^ail'JcOjg-^lfBtCfcV^-C 0 . 3 0m±f0. 5 0 
mT-C'fci.. i^c{i2tClBScC0Ga I nP^W 

1 r^l,Ztimcr)G a I n P JS^aifjtf*:, 

[fi*Ji5 ] ±im^^^mt>K mm (tcsib^ : 

B) ?r3?jDt7tnJ^Gax I ni_xAs (O^X^l) 
*-<^>=5r «T-S> I. , i«*3S 1 *^^> 4 coMix*» 1 Jltcl5«J 
£7)Ga I nP3SMtSjt*o 

z I rii-jP (ogz^i ) immi 

*»^>5cOMiX**l^tifi«i'^Ga I nP^ISii«itf*:, 
[i«*Ja7] ±iax^— 9-112: TV ^^fV\ a^Ji 
1 *><b 6 1 :flCia®OG a I n PI^«a«JS 

c7)Ga I nPjmmmmmm^^xi^mLtimmim. 

[00 0 11 

\W^<^W,-thW'^h%'m\ ^(T^mfM- GaAs*fea^B 

X I ni-xAs (O^XSl ) *>A>^l>^^^ffSi: - G 
az I n,-zP (O^Zgl ) i}^htih:^'<-—^Mt ^ G 
ay I n,-yP (O^Y^ 1 ) t-htahW^m^M):.^^ 
LfzG^l nP^aJimit*, m.Vf^^i\.^Wi\^Xim 

[00 0 2] 

x^' (MESFET) CO— at, u J -^A • >f y 

i/'^AvlB^B (Gay I n,.yP : OSYS 1 ) SrfiJfflL/i 

Gal xxPih-mm.=¥^m^n.mim.Yvy'y7.^ (t 

EFGET, MODFET^t'tBSfi;;^^?.) *^'«>S 
(IEEE T r a n s . E 1 e c t r o n Devi 



ces.VoI. 37, No. 10(1990). 21 

4 1~2 1 4 7H#g3) .Gal nP^^MODFET 

•CflJffl§ixTV>l) ( I EEE Trans. Elect 
ron Devices, Vol. 46, No. 1 (1 
9 99) , 4 8— 5 4K#SS) , t^t:, Si^lS^ftxVN' 
tTflJffl$iX-CV^* ( I EEE Trans. E 
lectronDevices, Vol. 44. No. 
9 (1997), 1341 — 134 8H#.BS ) . 
[000 3] ia4{its!*cOGa I nP^TEGFETiO 

mmm&<^w&^'ihh . w^'^ owi. { o o i } ^ 
^m^^mh-fh^wm.cn>mcii')-^i^ (-fti^i^: g 

a As) mm^f^-h. S^9 0c7)^B±tc:{i. ffigfit 
£751 I I -ViSi6^l:-^*S#:B*^'^=&r-5>^«/i9 l*^m 

M.^tih . iif «« 9 1 n mmxciJ U A • 

yS/'^^AiSa (Gax 1 nj.xAs : OSX^ 1 ) ti-hti: 

firJ19 2±C{i. X'^.— ■9-«9 3*^:it«$ix-S>. X'<— 
■9-J19 3fi. r^F-rtTJGaz 1 ni-jP ( OSZ^ 
1) t^h-m-:.m^^fVC\^h (±iecOIEEE Tr 
ans. Electron Devices. Vol. 
4 4 (19 9 7) #03) , X'<.-^m931^Z\i^ nm 
CT) U y-fb^y U • ^ yJ^yj^UeB (Gay I ni-yP : 
O^YS 1 ) *><i>^^«^*&«9 4*^Jt«$il^, M 
=mt^m9 4<7)^^' U T (m^) iSS«i. lis ( S i ) 

^•■) LTP^^fL^. «l^*&J19 4±Wi. 

titCO V-X«® 9 6 Rr/ H l^^ >-m«i 9 7 5 >•/ 

^«:fiiSrJg^-rS^C*^tOnf^Ga A s^*^^>^&3>':J' 

ffi|&a9 4fi0^ffitCv- 3 -y h^f-S-^Sy- hmfiS9-8 
SriSttT T E G F E T 9 1 0 tlT V ^ ■!> . 

[0004] fli^^ffJi 9 20X^^—9-^9 3 (X^- 
•9-/i 9 3 €: ffiM L=5rV 9 4 ) fc co«-& 

#® 9 2 b <?)5£^c0^j|6t;{i, 1:^«*&J1 9 4 *-^>tt*& 

^»-r 1. 2 <5Dc«^{i , m.'f^nm 9 2 1 x'^.— 9-a 9 

3 ( t fzHm^i^m 9 4)± CO^-^^ffi 9 2b x'<r>m 

m^m^-^n. —mzi,±iD%mmzmmx'th. 
T. m^M^m9 2iimm<r)ij[^izm&i:-Mt^^G 

ax I n,.xAs*»^>«{Rt--S.c7)*«^«t^-5TV%S. 
>'i;'>AOfflJtJt{±ft:^-C-i>*^jO. 2 5 (2 5%) t-r 
^C0*i^,r>{?/i>-C-3bl> (So 1 i d-State El 
ectron. , 36 (9) (1993). 123 5 — 
1 2 3 7H:#K) . 
[0005] 

^^rT«9 2<^J: dtc, ^ Affl^ ( = ( 1 - 
X) ) $:B&-^fct, L*»tffc:^-C't0. 2 5g]gfc-r 
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a I nP^TEGFET^i#J;oi:LTt®i|-C*>Si: 

[0006] z<o^mii±mzm^^^n.fzi,(r>x\ 

2 (XTcm^^ wtcs«-r i>ztx2 <xjm^<^^pm 

OfVNM;^i;-ri.^i:*»'T'S'SGa I n P^WJi:^!! 

5rS«-r.& .1 i: €: BWfc-ri. . 
COO 071 

iz . m^is 1 t~iefK<7)?&Bj(± , G a A s #^fBS«<7)« 
m±i.zmm^titz'j'-^j:<tL. mmmt. ca, i n,.x 

As ( O^XSl ) ij^^^^m^^nrnt. Ga^ I n 
i.jP (O^Zg 1 ) i}^^ykt:^^—^mt. Gay I n 

a I n p^mmmmmzi5\,^x, ±ifi«^^^TS*^ « 
^*S)HISt:iBHtT-f ( 1 - X) Jrtijn 

[00 08] ^/c. imm2iztm<^^mt. ±siLtz 

^ ^^i^'-^Affi^ ( 1 - X) 5rji^6*I^V^{i^* 
[ 0 0 0 9 ] ^^c. 3 iziiMiO^mi, ±iiLfz 

yi'''>Affl^ ( 1 - X) «v «^f&ii{Bjc7)tg^^® 

l;*3V^-C0. SOUJLh-C-O. 5 0OTT3il). Zt^n 
WitLX^^t, 

[ 0 0 1 0 ] iS^4 tcfBSi<7)%BH(i, ±tiUz 

m^m 1 3c7)fBi/i*> 1 mizim<^^m<nmmzMx. 
T, ±lM■^^^Ti■*^ i-t-y>-^w±T5:hy^- 
^i:xv<r>mmx'hi>. ztii^WitLx\.^h. 

[00 1 1 ] $A>t;, f««Ji5(cieaco^HB{i, ±fdL 

;c.T, iMm.'irmfmtiK mm (jtmi^-. b) ^^jd 

t^inJgGax In,_xAs (OSXSl) *»<?>^S;i 
[00 1 2] i/v:, 1**316 iciaajc05%Bj{i^ ±KL/^ 

1 5 1 mi.ztm<r>%m<DmmzMt 

fflfi)tJt^Mij'->$-t^/c«J«^ie^«{^-§rOGai I n,.zP 
(O^Zgl ) i}^^^j:hmX'hh. Zk^^^t\^X\.^ 

[00 13] m^mi>ztm<^wmi. imLtzmum 
lii-he 1 m>.ztm(r>wmmmzMx.x , ± 



[ 0 0 1 4 ] if*JS8{cie®5c7)%B3(i, ±ieis* 

^ 1 *>^> 7 COHfx*^ 1 ^(CieUeO G a I n P i^«®«|jt 

wim^^xmkLfzn.^mmhyy'jx9X'hi>zh 
^^mtLx\^i>. 

[00 1 5] 

[%BB^o^)is«oj^s] \:xri.zz<r>%m^mm(mmim 
mzmrs^ ^xim\,zvmth . 

[ 0 0 1 6 ] la 1 <0^BJ<7)G a I n P^a«^jtf*c 
(nm^mX'h 0 , ( a ) {±G a I n Pi^^JilfjJiWctOll? 

ffi5:^wtc:^-rii. ( b ) ( c ) ( d ) nmrf-^^m 
{.zanh^ >=j'yM.<r>mimi.i^-tmx'hi>. m^za 

smmikmul oiznmLxm^^ix. mmmi it. 

Gax I n,-xAs ( OSX^l ) 1 
2i:. GazIni-iP (O^Zgl) ti^t^tchX^-^ 
®13i:, GayIn,.yP(OSYSl) *»^5ri)lg^ 
«*#ei 4 hSri^LTV^^. ^LX. >I<7)GaInP^ 
S^tiit* 1 {±. ^<T)Wf-^^m 1 2 fc. 1 
3ffl!i:co^-^*ffii 2 b(c|6]ftTfl^iMJa*-[6itc-f 
AJi^ifc ( 1 -X) S:ltJP$-<t-C^ES:f+L!tfflfie 

[ 0 0 1 7 1 <?i|;t(f . (b) T{±. ^®J11 1 tsoit-^ 
#ffi 12a A^A.X'^.— 1 3 t cOjg-^J^® 1 2 b (C|tn 
{tT-f yJ^M.^'mt (= (1 -X) ) SrSilWtijD:^ 
^(.zmM.mzmM^'txyi^h. trz. (c) Tii. 
Sffil 2 a*»^,^^<7)e/|E*T-{i-Y ^-i^'-^AffifSit^— 

^{c»*>, -?-<7)f^iiff(7)itJm:frr6i(ctg^JS?ffi i 2 b 

1 2a*><i,^-^#ffil 2b(-|*I(tT^ >'>''':7Affl^5- 

'FjiMeDCiiff«ttjD*|6]{c:tiJij$-t^TV''«>, 

mmx'co-^ >"j^M.mmt^mo . 1 s t l, <j:o2 n 

tL, }kcr):^^-^mi3tcom^wmi2btX'cr>2 

nmcommcommx'<7)-{yi^''yM,m^io. 30 
X. mmtirT-mmmzma^itx\>'^i>. 
[0 0 18} tfz. zcr,^m<Dmtmmx'ii.. m^mn 
mi 2 cox^-vm 1 3 1 <^m^wm 1 2 b -cco-i' 

'^AfflfiLfcfc^, 0. 3 0JiLtT'0. SOWTtttV^ 

[00 1 93 «I>rT\ X^-^mi 3^, Gajfl^^ 
0. 5 1 i:-r§Gao.5, I no.49PT'fitB!tLfct-t-i. 

9-«l 3<?D«jt^i|S{i*«;l. 88eVi:ff{±J 

^tih (#J^ r I I I -V]K-n:-^!|^!)it^*«:j 

{U^^m^mM. 1 9 94:^5^2 0B%^T^I]fi5. 1 

sTKmm . -15, mi-^^mi2^^<7yi^^^mi 

2hX'<7i>( yi^'r;Amm}ti:0. 3 Oi:-rSGao.7o I 
no.soAsT-W^tTtfc-t^t. ^cr)mi^X'<7)m±^i^ 
0 IXU-^ ho>'-if/Uh (eV) -C'ibS (±ie 
.0 r I I I -vm-&!fe^SI«sj #BS) . LfzH^-yX. 
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Vr^^m 1 2 t X^-- 1 3 t cofg-cto^it^^tetfo 

mmamo. svevfc^^, */dt-^#ai 2b-c 

cO«-?^tfS 1 2 c7)^ y i^'^AfflJjgJt^ 0 . 3 OlJi±fc 
•r t , 1 2 X'^.— ttii 1 3 tcr)m±^<(m 

m 1 20g^-^l?-® 1 2 bffl!jl3 2iJ:7c1i:^ 5r^*iWt-«^ 

[0020] — -< yv-'n^Afim^ffiSt-ftS^s 

^ffiil 2^ffio^ffl'l4*^"«=5r*?ix?.o :i<r>fz!ib, 
— a 1 3 i:<?5¥ia^g^-^-!^ffi 1 2htim&X'^-f^ 

jf 1 2 cOX^-- *f« 1 3 tcOtS^^E 1 2 bt'CT)^ Vi^' 

[0021] i: ^ '?>'C\ X'^—->rS 1 3 Sr^-f^G az I 

r I I I -VHS-fb-^l^^ftiJ > 1 8 7H#.^>) . 
cO«-?^^TJil 2?:^-rGax I n,.x A s£7)«±«i|>a{i 

X'^— ^iil 3{i«^^tSl 2btcl6](tT;*''>»'!7A 

mmtiizt «^^^^fB 1 2{±s-&5fffi 1 2 b tci*] 

2 fc X'<--<f;i 1 3 i: cr>m(7)m±^«mco^M't i: 0 

< -r -I i: A^t;'^ ^ mmrnx't^m^^ x'onKx-^h. 

-r^t)^. m^^flJll 20rt^t::2<X7U«^'5rS?)*W 

[0022] ifc, <Ii7)?6BBcO||«^T-{J, m^^tr 
B 1 2C0I*lgi5l3|§(t'l.fflB!<;^idffi«<'^S/f 2: 1 ;<- 
±«£7)X^-1>-il 1 3^«Jj!<.-r^G az I ni_zPfc 
f -l>G ax I rij-x A sco-^ AM^ib (= ( 1 - 

X) ) i:kb-t^n. ^fSfi3mmi<7)mm^mmt-ri 

Jgc75fftV>]gJi6S<75nJf^Gax I rij-x A s lA>^>*8rt<.-r-l> 
<^A<aitir^. ^^•;TilimJiMtt<{i5x 1016c 
m-3lJl.T, ^'otc. 1X1 0>6cm-3iy.T-C'S)^«*^"a 
t L^K 'J rmmiM'^c^rix-'i- (Hal 1 ) 
S!l^i£^v^iiSS-«E (C-V) a^5:fi]fflL-ca!J^ 

[0023] $ ^>t=. C(^%BBW^)!ify^».t1±. 

nmi2^, mm (ytmu^- b) srasapL^tnj^Ga 

X I ni_xAs*>^55:S«i: t-C^S^UTV^S. ^BSSr 



it*<±X'h ^ S . Ii«c0 K - f y ^--S?: ;^ h -ri. i: =»r A- 
®f4xl 016 cm-3TJ>^Gax I n i-x A s *>^>^?» 

SGa I n P^Sffi^^^»)«^7>'i^'X:S'$:g*•r^^ 

[0024] m^^^mmmi-^tsmm K-r<7)«^^tT 

SI 2(i, Gax I ni_xAsii$:f!S(.Mt-^-:>, {1*2: 
ic-ty^?' LXmf&X'^ h . K-b-y i^iSfc LX 

\t V '}y^^)vmm ( ( c H3 ) 3 B ) 'jx^ynffls^ 

( ( C2 H5 ) 3 B ) *>(?iJ^T-^ i> . ffl«{ili*iOM?-ii 
St;LT 1 X 1 Oi611^^/cm3tUi-C-lxl 0i«S^ 

§ji>lc{i, :±/L. Gax I n i_ x A slfiT)^^ U TjSS 

C7)3t)iif ^ G ax I ni _ X A s ^F*gg8c01iSM^lS 

-5TpgT'#S. Gax I ni-xAsScOrt^C 

«r5^Wffi (SIMS) t3 J: Off-aiT'^ ■& . 

[0025] cicoidtc. :icr>wn<r>mmmx'\t. m 

^^tfii 1 2(;i, X'^-- ifS 1 3fiyi:«^-^-S-ffi 12b 
tci6]tfC«W<7)iiDinfrI^t:-^ yi/'-^AifijRjtSrtiJllS-ii- 

m^^ff s 1 2 1 x^-^m 1 3 1 <7)rBi«o«±#te<50M 

mz^mLx. n^^n^fm^i^^-t^^tt^x't. 
Lfzis^-oX. w^rivy^^yy^ (s™ ) ^I4c@ix3t 

[0026] t.fz. n.^M=im 1 2<7)X^— 9-® 1 3 t 
coJg^#® 1 2 b T<7)-f y iZ-^Affi^bS: , 0 . 3 OW. 
±T-0 . 5 OtATt «^^^Til 1 2cr>^mz 

2}^:7C«^ ?:^*S^t^#«t'# S i: i: i>t-> ^i^-^A 
mib^ift-rS^Yc^l^m-^^^f « 1 2^®^7D^iB14*i 
a:5ri5ix^rate*^-r&X'<.— 1 3^Si^*&;S 

1 4 (7)3gifBl4cO^Mb$r W5i(c jrpfij-r ^ ^ t , Lf.: 

[0027] tfz. m^^^mi 2c7)i*igi5ici5tt^m 

<m^mm(^mmi: l n mULhT-S nmaTt Lrzcr>X\ 
m'^^nm l 2tfO«J¥^5i«LTJSl^(:i2<5:7C«^$r+ 
mzm^^-^^X'^ & i: i: t {C. ff-rt*/::ii-^t-^ 
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[00 281 ^'^t. n.^M^mi 2i,z. mmiv-'c 

« ? ii s 2 (XTm^^m h stSL<7)^iP ^ mix- ^h. l 
m-^. n^ay^'^^y;:^ (g. ) mmzmitznM 

[ 0 0 2 9 ] 1 2 ic. t^Ji 1 3 

IRItoS-^^ffll 2 bt3|oittTeJ*<?DtiAli:fr[ti]fc-< 

®1 35:, m^^^T«l 2^^0S-^W®1 2bJ:')«:^^ 

m^m 1 4ffl!ic[6]{tTai»coti*ii:fe-(tQ(c^'>>'>Affl^ 

£-Sij.^$-ti:^C««^ie®i^Sr-i!-tfGaz I ni.jP (OS 

Z S 1 ) ®*>^>«^t/:;£7)T .. MH 1 2 , l 3ST-<50Rc 

-ox. m.'f^'^mi 2cr,p^mz2-dLitm,=^^^mmi,zm 

[00301 <J:lw, COl%BJiOG a I n PiS«««iSf*: 

iii.x/^ti^m\.^xmkLfzm^^m.h^yi^x9 

[00311 

[HMe^Jl (lg 1 ^M^J ) H 2 tilg 1 ^ifi0?!ltOT E G F 

ETff)wmm^mx'^h. ^mmmx'\t. imMWMm 

^•^■f ^«^^^T«?^^lX7tGa I nP^iSm^f^tUJK 
m^^h^>i^:^^ (TEGFET) $rmfi!t-r ■S^S 

-^^miztx. ^^m^mmizmm-t^. 

[00 3 21 TEGFETffl^cOxe^^v'-\';Ua«« 
jt^tt 1 r> H-T^*e^c7) (10 0) 2 • j!-:? 

(off) GaAsmSg^B^S^l 0 0i:LT«fi!cL 
7t. a<gl00<7)GaAs M^m^a<^itm.mii^^Ti^ 3 

X 1 07Q • cmTSj-o^^i, 

[00 3 31 iaSS:*>Jl 0 0mmi:-r-S««l OOc?)^ 
M±tCt±. ]^ffiiil0 1S:fl|)^i--g>AlcGa,.cAs/ 

G a A s mmt^mm?:mm ^ ^fz . ^its^«3t*{±T 

cr)A 1 o.3oGao.7oAs®t , Ti^ H— T'TpJ^OG a 
Asjgi:*»^>fl|fiJ4L?t. A 1 0. 3oGao. 70 AsgiO^-V 
UTi8J^(i*<;l X 1 Oi«cm-3t liWi4 5nmi: 
tTt. pJ^GaAsJlcO^-v-DTiiUKJiTx 1 013cm 
-^fcU. Jijf:{i5 0 nmi: tJt. A 1 o. soGao. 70 A s 

m t pmg a Asm to^mmmmmasmmtLfz. a 

U.3oOa.o.7oAsmtpBGaAsmii. ^ixh hV 
( (CH3) aGa) /Y')^^>VT)V=, 
( (CH3) 3AI ) /TfVi^y (ASH3) 
^ (H2) RlE^t^rtS^j^MGCVD^tCtSO, 6 4 
O-CTfigJ^L^C. ^mcOJE:»3{i*<?l . 3x 1 OV^•x 
;e?;KPa) hX^fz, ^^*JT mm) :<fx(c{i7KS$- 



[00341 0 l±t;{i, (CH3)3Ga/>' 

o'^y:?' Vi^'-^A ( Cj H5 I n ) /a s H 

K-r(?)n?gGao.8o I no. 20 A s«$-«^^ff;i (^ 
-v^^;l-«) 1 0 2^fi|«^|,|Sl(7)«}BS;ai 0 2- 1 1 

1- xmmLtz, micomi 02- i(7)mmim9nmt 
Ltz^ 1^1 CO® 102-1 ±t3{±-^ y'J^J^mm:^ 

0. 30i:-tSn?^Gao.7o I no.3oAs®^m2<50«} 

^1 02-2fcLTa«$-^7^^, m2commMio2 
- 2 eommim 2nmtLfz. mi &z/m 2 cr>m^ 1 

02- 1. 102-2i}^^'i>'J^Jxm^(,z<ei^t:^-r 

^m.i'mnm 1 0 2 ^mm.Lfz, m^^m 1 0 2 i&it 
^■ttmiRr/m2<r>mmMio2-i, 102-2*0 

[00351 Ga I nAsffl^^lEei 0 2±(3{±. 

(CH3) aGa/CsHg I n/P Hs/Ha^tS^S^ 

0.51 I no.49P*»4>=5:5^'<— 9-«l 0 3$ra«$-t*r 

[00361 X'<— 1 0 30±Wi:, lisil ( S i ) 
$:H-h->-^-L7t:n®Gao.6i I no. ,9 P*>4>^-g.«^ 
flt»&Jil04Sr. (CH3) aGa/CsHs I n/PHa 
/H 2 RJC^ ijffl L/tMJEM O C V D SCtt •? $ 
-fr/c, S i cOK-b°>':?'jli(Cii. ( S i 

2Hb) m&ioimppm) i^^/fx{:mmLfz. fs, 

m^<r>ELf)li^t^ 1.3x1 O^v-txX^/P (Pa) tL 

fz. m'^m^mio4cr)^-rUTmm.ii2xi o'Scm 

-*tt, ®ll{i2 5 nmi: LTt:. 
[00371 «^?^«*&J11 0 4<?)*ffl±tC{4. (C 
H3) gGa/AsHg/HjRJC^lCj;*). S i H-Tn 
jeGaAs*»<i>:^:S3>'^';? h« 1 0 5 $ra«$-ti:;t. 
S i (?) F - f y ^}iSii±teco^KS - i^' 5 ym.^ijx * 
ffifflL/::. nVrJ'^'hai 0 5O^-v'JTiiJg{j:2xl 
0i8cm-3tt. ^/Wi^5 0nmi:Lfc. ^fc. Ga 
V I n,.vP«-^>^^m^et»&«l 0 4<7)7>''jn7AmJt 
5:0. 5 1 i: L. ■?-0±tC«Jl$-y:SGaAs*>f>:5r'S. 
3>-^^n;ii 0 5fcm^raPi*iB&|i|-i:^Si3{;IH 

[0 0 381 lJUi5:t,oT. ®S«jt«sl 0 0 A^-^Sr-T 
fll^l 0 1 — 10 5cr,:£.\f-^^l^'V>V^^^^-TLtz 
tk. T)V'^y (AsHs) Sr-^tflffflmrtT'^^JSOO'C 

[00391 «^<7)n}gGaAs3>':?^' h«l 0 5 
0*ffl(:-f ^-i^'-^A - ^ ( I n • S n ) -^#*^/^'5r^:t 
-^'v^Wm^m^Ltz. <ji:tc, ii^cD+.-yp (Hal 

1 ) mkm^m\.z^ o . m^^^Te 102 Sr^^f-r-s 2 

»:7c«^^(zf^i^^«^^^l6JK^Sy^t:^^, Sis (^3 0 
0^;l^t'V (K) ) T'iO^—h^-vUrjgJg (n^ ) (i 
*<71. 8X 1 Oi2cm-2-C*0. «-?^t6S (a«ri) «i 
*«;57 0 0cm2/V • st^s-ytz. ib^j:mz^ Vt^ 
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0. 2 0— gh-f-SGao.so J no.2oAsSA^^i>m^^ 
5 0 0 c m2/V • s X'h *) . ZiXiZit^X:*:mWmT 

/^^-—y:^minmLX . mmmcOnmGaAsay 
^i'hmi 0 5<?)^BD2rU-bX (recess) mzM 
JLLfz, (me s a) mzmS.^-^fznW^Ga.As 

avs'^hmi 0 5±tc(iy-xmfisi oemfYXy^ 

■y 10 6, 10 7«i, ^ • ■y)V-?=-'^J^ ( A u 9 

3«M%-Ge7«4%) ---y^/KNi) - A (A 
u ) SBtSit^-Joli^LTt. y-X«fii 1 0 6 i: 

ymm loib <nfsmi lOumtLtz, -fexgptcss 

MtJtGao.5i I no.4 9P«;?-«*^«l 0 4i7)^ffilC. 
TMi^i'y (T i ) i;L, ±MiT)l'i-'-^2^ (A 
1 ) h-th9.mmm<r>>' a >y b^- < S c h o t t k 

y ) ^^my- h mii 1 0 8 sr . y- hw i 

[004 1] :i<r>Xoi<Z\^XVIi^LtzGail nP^TE 
GFETll OOffisft (DC ) m^rMLi^vr. YV^ 

2 ;tt;u h ( V ) b L.fzm<r>im h v-mss 

ddss) 8 S 'J r^'^.r (mA) ^=^-5/^. F 

\^-{vm&^0Yi)^h5V(nwsx'n3\Ltzmz. ki^-t 

yfl:?I±(c^W-r (bx-rUi-x) (i?&t!SS!l$ix^*^ 
y-x/K^^yra«ffi^2. OVi:LT!tS!J$ 
ix-^^^igcTDfflSnvr^:?^^ (g„) (i2 0 0±5 5 
^)=J—^yX (mS) /mmj;«<, fc^co 
fz. iotpMZ. fflB£^giE«i^5:l^at'SrV^, 
y'J^M.mS:it^O. 2 0— :^h-r^Gao.8o I no. 20 

^9 ^ >-X ( g„ ) 1 5 0 S U i-'-^ ( m S ) 

/mmX'h'o. ^ ti.f,zit^x i^mmx'\.iwm^j:i&mt^ 

^e>tifz. 

[00423 tfz^ mWimi 0 l(7)^ffi5rltMLTffM 
Lfz. relPi* 1 0 OMmft^Au ■ Ge^-^-y^m 

ffiracoSi-t-g.Jia«it{i4 0 VX 1 M AMnco^mK 

0. 9V±0. 0 SVt^O. 1^— =5:iOffl«ffiSr*-^«> 
Ga I nP^TEGFET^^ilfit^iXTt. 
[00433 (l^2|giiSfl«J) B3«l^2^Sft(5l|tfOTEG 

F E T(7)BT®^j<iii-<:-j> s , IS 1 ms^j 1 k m-<7)m^ 
[00443 ^mm<nimFFimm 2 o 2 (i. wmm 2 

0 1 1 (r>^^^m 2 0 2 aT'f yi^'^M.mmf^: 0 . 2 
ohL, :^^-^m20 3t<r>m^^m2 0 2hX'^ y 

=J^M,imA.^¥jO. 3 5i:-r-S>Gax I nj-xAsffllg 



if Jn t M O C V D RlC^^ffii^-r •!> ^' U 
-r&'f>'i^''>AjJi ( h ^-i^'-^A : (CH3)3 
I n) fccOit^ ( = (CH3) 3 I n/ (CH3) sGa) 

^w^mz-mzw^mzmM^'^xn^-Ltz. 

fi^ii 2 0 2 O^-V U TillS(i*<J4 X 1 0 ' 6 c m-3 tciS^ 
[00453 Bt«mjt{^5200A(c-5\,^T, 

-yKHa 1 1 ) ^^m^mzmm\'&Ltz■^^s>. m3 

0 0 K ) X'Cryi^— h(sheet)df^t) T jfl,K 
( n3 ) {±*«7 1 . 7 X 1 0' 2 c m-^X'h 0 , ^^W^fl! 
^^KjJK (AtRi) {i*^60 00cm2/V • sX^^ . 

iSv ^1:^ f^t!»JS*-'l^ $ ix/i . i ^v: . m 1 mm^.zim 
bnm.<r>^mX'mfS.LtzGa. I nP^TEGFET2 1 
Otci>v->T, VU-^ ymK^2. OVktfzmcomi^X 
OfflS^y^'^^yx ( g„) {i2 1 0±5 5 

(mS) /mmi:ffi<. ©1ttg^7)TEGFET*^jg 

m^titz. 

[00463 ( ^ 3 uttCT ) ^mmmxit , is 2 

1, ziiLfztm-cr>-^ yi^'yM.^&ss.<7)<i^mi^-r^. mm 

(B) $rh'-fy^^L:tGax I n,-xAs^^^tfe$: 
ii;i/>:Ga I nP^TEGFET$rfi?iJtCtr, *^Bfl$r 
ftf^Wt-f^BJ-r^i. . *ll)5S0IJOTEGFET{i, II 2 H 
tt^htiGaxI ni.xAs«^^^^TiicO^$:S^St>C0 
L-CV^|,/ii6ia3$:fiJfflLTittHJ-ri,, 

[00473 z<7)^3mmmxu. m=FMfTm 202^ 

^^X»ffli^h';xf-;W« ( (C2H5)3B) Sr^fflL 

ry h'-r^mX-cOn?^Gax I ni-xAsifi^^ 
iSecOdf-v U TllUSA>*«74 X 1 0 16 c m-^t'S)?. ^ 

mnxm^ X 1 Oi'' c m-3£Oii*iS^?IU^E5rffl^ 
-r^^tiia^t/::. GaxI n,.xAsm-^^^Ta2 0 2 
(n^^r UTM±Wg<7)H-b->'^^tC i OSstJS X 1 015 

[00483 -^W£it--)V (Hal 1 ) ^IftSliSffiC 
teOSJl^L/iMia (*<J3 0 0K) T-(?5>— h (shee 
t ) dr^UTjRJg ( n,) ti;*t)l . 6x 1 O'^ cm-^f- 

/V- st^j:r>fz. ^c7)j;d(r, Jl 2 0 2 icSS 

fg^H-r-r^Clt-C. SI2||]!i£m*&-^t:Jt«ELTJ: 
•5 ^«^f^l6JK*^"^Il $ o F vWJE 2: 2 V 
iS^L/iEgc7)ia?ay-X • Fl^-f >-l:^{i*«j7 OmAi: 
=5:0, tfz. HL'^yHiltcbXxUxX (;P-r) {± 

j^amiiht^tct^-^tz, t.tz. y-x/Ki--f y^«£E5- 

2 . 0 V t L3ti^<7)^?ST-<^ffli:3 ^' ^ vx 

(g„) {SSlj2 5 05i;>''-^>'X (mS) /mmtm 
[00493 
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[0050] 1 1 tziimm. 2 \,zim(r>^mx' 
mm<r>mmmz^ yi^^M.muAi^miiw^^x'si^i 

^bvxi^mmz^Lx. ■^^^WFf^mmir^-rh 

Ztt^X'^. Lfzt^-^X. ^S.oyy:^^yxnmzmi 

( 0 0 5 1 ] , mi^m3f,zsdM(^mnx'\t. 

5:. 0. 3 0UUiT'0. 5 OlilTt Lt^ctOT. m^^ff 
a<7)|*ig5{c2»:7C«l^$:Sft^WlC^-C# Si: t tic, 

[ 0 0 5 2 ] $ f>(C. it^«4lcffiSJiOf6BB-f (i, 
^«cO«lf $• 1 nmJiUi-C5 nmOTt t?t<OT\ € 

fz^^-^m'^'mitkmi:mmtzm&-ri ^ i; 

[ 0 0 5 3 1 ifc, i«*3a5 (cieiac7)3%Bjx'{±, 
fif«tc. mmi:v-^y:!^-r^xdi,zLti<Dx\ 

mcriff^mzwm^ti:^ 2<!f:7tm'irt>m^f!iiLcomm^i& 

mn^hzttn-^. tA-Kay-f'p-^yxnmzm.ixtz 

[0054] %m^e\,ziimcr>^mx'^t. x^-^m 

ttiSr-^OGa, I ni.^P (O^Xg 1 ) mt^hm^Ltz 



[nn ^co»Bfl(7)Ga I n p^^«®«i^i«t<7)ittH^t- 
^> 0 , ( a ) {iG a I n P^.^Stgitf^ciOBrffiSr^stW 
tc^-tll. ( b ) ( c ) ( d ) {±fl:^^^T«(^fc^t•6■< 

[02 ] ^ l||Jfi^J<^TEGFET<0BIrBD«5»:iaTS> 
[US] m 2||Mfi«JcOT E G F E TcOlffB^^iaT'*) 
(04 3 tsf*<7)Ga I nPj^TEGF.ETcOBrffifllJicO 

[^?-^C7)giBH] 

I Ga I nP^a««J&«£ 

1 0 m-^^BmsL 

I I mmm 

1 2 m^^^tf ;i 
1 2 a tg^i?® 

1 2 b m-^^m 

1 3 x'^.— f a 

1 4 



1 0 0 


mi 


1 00 A 




1 0 1 




1 0 2 




1 0 2- 
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1 0 2- 


2 «^ 


10 3 




104 




10 5 




106 




1 0 7 




1 08 




200A 




20 1 




20 2 




202a 




202b 




203 
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[02] 



[[23] 



I 1 0 
1 0 6 



2 I 0 



106 h lOfxrn > 107 

1 0 \ '108 KL-l/im / 

1 0 3--^f 



2 0 6 



10 2-2- 
1 0 2 - 1^' 



1 0 1- 
1 0 0- 



fz 0 5 

• 2 0 4 



12 0 3'^^ 
0 0 2 0 2V . 
0 



>1 0 0 A 2 



2 0 0 



U- 1 Our 

\ ' 2 0 8 KL-l/im / 



2 0 7 



-2 0 2 b 



"^-2 0 2 a 



[04] 



9 1 0 



9 5> 
9 4- 
9 3- 
9 2- 
9 1- 



I 9 t 



9 7 



^9 2 b 



9 0- 



F:^?^— A(##) 4K030 AA05 AAll AA17 BA02 BA08 
BAll BA25 BB12 CA04 FAIO 
JAOl JA06 LA14 

5F045 AA04 ABIO AB17 ACOl AC08 
ADIO AE23 AF05 AF13 BB16 
CA06 DA54 DA57 

5F102 FAOO GBOl GCOl GDOl GJ05 
GK05 GK06 GK08 GL04 GL16 
GL17 GM04 GM08 GMIO GN05 
GQOl GROl GR04 GR07 GT02 
GT03 HCOl HC07 



R4a£ SiJ^ 



